Background: Rare diseases require integrated multicenter clinical networks to facilitate clinical research. Neuromyelitis optica (NMO) and NMO spectrum disorders (NMOSDs) are uncommon neuroinflammatory syndromes that are distinct from multiple sclerosis and associated with NMO-IgG, a serologic antibody against aquaporin 4.
(NMO) is an inflammatory demyelinating disease that preferentially targets the spinal cord and optic nerves. 1 The disease is distinct from multiple sclerosis (MS), and the natural history of the disorder has a poorer prognosis, 2 underscoring the importance of early diagnosis and appropriate treatment. The serum autoantibody NMOIgG, which targets aquaporin 4, is highly specific for NMO and has led to appreciation of a wider spectrum of clinical and radiologic characteristics associated with the disorder, including patterns of brain involvement and topographically limited forms of the disease. 3, 4 The incidence and prevalence of NMO and NMO spectrum disorders (NMOSDs) are poorly characterized. Populationbased studies from Japan, 5 Cuba, 6 Denmark, 7 Mexico, 8 and the French West Indies 9 suggest incidence rates of 0.053 to 0.4 per 100 000 patient-years and prevalence rates of 0.52 to 4.4 per 100 000 people. In the United States, NMO prevalence is estimated to be approximately 1% to 2% that of MS, suggesting that there may be 4000 to 8000 patients.
We developed a multicenter NMO clinical consortium of 3 tertiary centers experienced in the diagnosis and treatment of NMO/NMOSD to systematically characterize NMO in terms of epidemiology, clinical course, serology, and treatment.
board approval at each site. We searched records for the diagnoses of NMO, Devic disease, and transverse myelitis.
We used 2006 NMO diagnostic criteria 10 that require optic neuritis and transverse myelitis plus 2 of the following 3 supportive elements: (1) longitudinally extensive lesions (Ն3 vertebral segments in length); (2) magnetic resonance imaging (MRI) of the brain with normal findings or with findings not consistent with MS; and (3) NMO-IgG seropositivity. We defined NMOSD as NMO-IgG-seropositive status in association with a clinical syndrome compatible with a limited form of NMO (eg, a single event of or recurrent longitudinally extensive transverse myelitis; a single event of or recurrent isolated optic neuritis) or a signature clinical syndrome such as intractable nausea, vomiting, or hiccoughs. For this study, only MRIs obtained at the time of an acute attack were reviewed. Lesions in the spinal cord were characterized as longitudinally extensive if the T2 hyperintensity extended across 3 or more vertebral segments and were considered focal if the lesion was smaller than 3 vertebral segments. If gadolinium was visible anywhere within the lesion, it was considered to be enhancing.
Testing for NMO-IgG was performed on the serum samples at the Mayo Clinic, Rochester, Minnesota, using an indirect immunofluorescence assay, although an enzyme-linked immunosorbent assay 11 has become available recently. Results were recorded as seropositive or seronegative.
RESULTS
We found 187 patients who had NMO and NMOSD, including 88 at Johns Hopkins University, 63 at Mayo Clinic, and 36 at The University of Texas Southwestern Medical Center. Of these patients, 126 (67.4%) met 2006 NMO diagnostic criteria, and 86 of the 126 (68.3%) were NMOIgG seropositive ( Table 1) . Patients were followed up for an average of 6.8 (median, 4.9) years.
The average age at onset was 41.1 (range, 3-81) years ( Table 1 ). The age distribution of patients with NMO and NMOSD was unimodal. The sex distribution was strongly skewed toward female, with a female to male ratio of 6.5:1. Men with NMO had a slight tendency to be seronegative for NMO-IgG. White patients constituted the largest race group (47.6%), but patients of African descent were overrepresented at 36.9%.
All NMO patients had a history of optic neuritis and transverse myelitis, but NMOSD patients were much more likely to present with transverse myelitis ( Table 2 ). In contrast, the initial event in NMO was slightly more likely to be optic neuritis. The classic presentation of simultaneous optic neuritis and transverse myelitis occurring within 3 months was found in 10.2% of our population. The disease course was recurrent in 94.1% of patients; of the 11 patients with a monophasic presentation, 3 had NMO (2 of whom were NMO-IgG seronegative) and 8 had NMOSD followed up for a median of 3.0 (range, 0.1-32.0) years. During the course of the disease, each NMO and NMOSD patient developed an average of 3.6 events, with a relapse rate of 1.3 events per year. Patients with NMO and NMOSD had an average of 2.6 to 2.7 transverse myelitis events, but given that NMOSD patients had a shorter duration of disease, their relapse rate was higher at 1.4 events per year compared with 0.8 events per year for NMO patients. Optic neuritis was much more common in NMO patients, who averaged 1.8 events and 0.8 events per year; however, in the few NMOSD patients with recurrent optic neuritis (who have no history of transverse myelitis), the relapse rate was an aggressive 1.5 events per year.
The MRI data of acute events were available in 84.0% of patients with transverse myelitis and optic neuritis ( Table 3 and Table 4 ). A total of 202 myelitis lesions characterized by MRI found that cervical and thoracic spinal cords were equally susceptible in NMO and NMOSD and that most of the lesions were longitudinally extensive (Ն3 vertebral segments). Approximately one-third of patients had longitudinally extensive lesions in the cervical and thoracic spinal cord. During a transverse myelitis event, MRI showed gadolinium enhancement in 87.1% of cases. A total of 281 events of optic neuritis were imaged by MRI (Table 4) , and 23.8% were simultaneous bilateral optic neuritis, which was much more likely to occur in NMO than in NMOSD. Recurrence of unilateral optic neuritis was 3 times more likely to strike the affected optic nerve than the healthy one, and gadolinium enhancement was noted in 77.0% of cases. Brain MRI findings were characterized as normal findings, nonspecific white matter lesions, or MS-like in 80.7% of patients ( Table 5) . Magnetic resonance imaging revealed normal brain findings or nonspecific white matter lesions in 87.4% of NMO and NMOSD patients. Thirty patients developed brainstem lesions, 24 (80%) of whom were of African descent. Cerebrospinal fluid was collected in 16.4% of acute events, typically during the initial presentation and workup. These studies revealed a pleocytosis (mean, 95/µL; median, 13/µL; range, 0/µL-2150/µL); the mean protein level was also high at 128 (median, 57) mg/dL ( Table 6 ). Only 12.1% of patients had 2 or more oligoclonal bands.
More than half of patients had antinuclear antibodies and approximately one-quarter also had positive findings for another autoantibody, such as SS-A, antiacetylcholine receptor, or double-stranded DNA antibodies. The erythrocyte sedimentation rate was slightly elevated but consistent with age, and the C-reactive protein marker of peripheral inflammation was largely normal (median, 0.3 mg/L; to convert to nanomoles per liter, multiply by 9.524).
COMMENT
We included all NMO patients meeting 2006 diagnostic criteria and all NMO-IgG-seropositive patients who developed demyelinating diseases of the central nervous system, such as transverse myelitis, who did not meet formal criteria for clinically definite NMO. The rationale for including only NMO-IgG-seropositive patients who did not meet the Wingerchuk 2006 criteria, rather than all patients with recurrent transverse myelitis and recurrent optic neuritis, was to avoid the possibility of inadvertently including patients who actually had a central nervous system manifestation of another diagnosis other than NMO, including rheumatologic disorders, sarcoidosis, or vascular disease. Although many of these disorders may be treated similarly with immunosuppressive therapy, the biological mechanism of these other disorders is quite different and could therefore confound our data set. It is difficult to precisely characterize the incidence and prevalence of a rare disease in the United States. In this study, we analyzed NMO/NMOSD in 187 patients across 3 major NMO centers in the United States.
Compared with patients with MS, NMO and NMOSD patients are older on average at presentation, 12 but they are somewhat younger than patients presenting with other autoimmune diseases, including lupus and Sjö gren syndrome. 13, 14 We found no differences in the disease course based on the age at onset, although NMO-IgG findings tended to be seronegative in children with transverse myelitis. 15 The race distribution in NMO and NMOSD is mixed; the proportion of white patients, however, is less than typically seen in most MS clinics. Patients of African descent constitute only 12% of the US population but in this study constituted 36.9% of the NMO/NMOSD population, unlike MS, in which patients of African descent account for a small percentage of the total MS population in the United States. 16 The female to male ratio of 6.5:1 for NMO and NMOSD is greater than that for MS (2:1 to 3:1) but similar to the ratios for lupus (9:1), Sjö gren syndrome (19:1), and other autoimmune disorders. 17 Cases of NMOSD may represent early, incompletely developed NMO, but some may also represent a group of patients who are less likely to acquire certain typical manifestations, such as optic neuritis. Consider that NMO and NMOSD patients equally developed an average of 2.6 to 2.7 events of transverse myelitis, but NMOSD patients only rarely developed solely optic neuritis (18.0%). In contrast, NMO patients were more likely to have optic neuritis at the initial presentation than transverse myelitis and were more likely to have recurrent events of optic neuritis compared with NMOSD patients. This difference be- tween the initial presentations of NMO and NMOSD patients may result from a combination of testing biases because many patients with isolated optic neuritis do not undergo testing for NMO-IgG and, for those who do, the sensitivity for detection of NMO-IgG is poor. 11 Susceptibility of different central nervous system areas to inflammation in NMO and NMOSD is similarly reflected in the marked predilection of brainstem lesions to be found in patients of African descent. Almost half our patients of African descent had an MRI-confirmed brainstem lesion, accounting for 80.0% of all brainstem lesions.
As expected, most NMO/NMOSD patients had longitudinally extensive transverse myelitis given that this is one of the criteria for NMO, albeit nonmandatory. In contrast, the MRIs of the brain in these patients accumulated nonspecific cortical and subcortical hyperintensities that were largely asymptomatic. The contribution of these lesions to the overall neurologic disability was undetectable compared with the spinal cord lesions. As seen in some recently reported cases, a few rare patients with NMO developed large cerebral lesions atypical for MS. 18, 19 A key observation of this multicenter study is that 29.4% of our cohort was diagnosed as having MS before the final diagnosis of NMO/NMOSD. The MRI findings in the brain may have been among the factors that influenced the initial misdiagnosis given that 66.7% of those misdiagnosed have abnormal findings on their brain MRI. In addition, 58.2% of the misdiagnoses predated the availability of the NMO-IgG blood test. This finding is of critical importance given the different therapeutic regimens for NMO/NMOSD and MS and the observation that use of interferon beta may aggravate NMO. 20 In summary, a national, multicenter NMO/NMOSD consortium is feasible. Expansion of this type of national or international NMO center network could facilitate more accurate assessments of disease incidence and prevalence and comparison of these rates between people of different racial and geographic backgrounds. This consortium also provides the infrastructure for future prognostic biomarker studies and therapeutic clinical trials.
